Gold extraction by artisan miners in different parts of Tanzania is widely done by mercury amalgamation technique. To the people living in and around the mining cites there is a potential for exposure to contamination through consumption of Hg contaminated food stuffs. Current studies on estimates of dietary human exposure to mercury in these areas have been limited to contributions of Hg contaminated fish consumption centrally to WHO recommendation on the use of Total Diet Studies. In this study dietary Hg intake of people at Mugusu gold mining village was determined by using a total diet study approach. Results indicate that 37 types of foods are consumed in this Village. Rice, maize, tubers and fish were the most consumed food categories with an average daily consumption of 134, 270, 113 and 97 g per person per day, respectively. The fish category contained the highest average content of total Hg (0.16 g g -1 wet weight). The calculated average dietary intake of Hg was 41.05 g/day, which is 2.6 times higher than the daily intake recommended by FAO/WHO (15.5 g/day) for protection of the foetus and young children. It is therefore concluded that the current total dietary intake of Hg in the studied area is at risk level to young children born to women living in this village. It is therefore recommended that, mercury intake in artisanal gold mining settlements should be monitored regularly.
INTRODUCTION
Many reports have been published on environmental Hg contamination associated with the artisanal gold mining in Tanzania. These reports have mainly been on the build up of mercury in soils, sediments, fish, pastures and some root crops [1] [2] [3] . The major concern of such studies should target people living in areas under gold mining activities which are subjected to direct exposure (i.e. persons handling Hg) and indirect exposure through consumption of Hg contaminated food stuffs. Until now studies that have been conducted to estimate exposure of humans to mercury in artisanal gold mining areas in Tanzania have been confined to examining exposure through fish consumption [4] . The World Health Organisation (WHO), however, recommends the use of Total Diet Studies (TDS) to assess total Hg intake. The TDS approach has the advantage of yielding more refined exposure data since it consists of analysing a representative 'market basket' of foods. This methodology takes into account of the effects of kitchen preparation on the levels of contaminants in foods [5] [6] [7] The food products are bought or collected from the normal retail channels and prepared as if for consumptions: edible parts from different food stuffs are ana-*Address correspondence to this author at the Faculty of Science, Sokoine University of Agriculture, P.O Box 3038, Morogoro, Tanzania; Tel: +255-23-2603404; Fax: +255-23-2603404; E-mails: tungarazac@yahoo.co.uk, tungaraza@suanet.ac.tz lysed for the contaminant of interest (Hg-in this study). The combination of the metal concentrations measured in the food products analysed and the consumption information, permits estimation of dietary exposure. The objective of the present study was to assess the dietary mercury intake by the people living at Mugusu artisanal gold mining village using the TDS approach. This provides extra sources of contaminant uptake than using a single food type.
MATERIALS AND METHODS

Total Diet Study
To evaluate the health risk, the estimated dietary daily Hg intake was compared with the Provisional Tolerable Intake recommended by the joint FAO/WHO Expert Committee for Food Additives (JECFA) for Hg for the protection of the general public (49 g/day) and that for the protection of developing foetus (15.5 g/day) [8] . A 24 hours recall food survey was carried out with a representative sample (n = 207) of the adult population whose characteristics are indicated in Table 1 . The survey was done for two working days and one weekend towards the end of the dry season in the month of September, 2007. All participants were visited at home and a food frequency and amount questionnaire combined with household containers of different sizes was used to estimate intake. The 24 hours recall indicated consumption of up to 37 food items, which were grouped into 11 food categories according to similarity in chemical composition.
Food stuffs which were reported to be consumed in large quantities, e.g. maize and rice were considered as independent food categories. Food items in the established categories were purchased from different sellers at a local market and others were obtained free of charge from households in the surveyed area. Samples collected from different households/sellers were thoroughly mixed to make a homogeneous sample. The samples were individually packed in self zipping air tight bags and kept in a cooler box until prepared and cooked. The samples were subsequently prepared according to the most typical form of consumption (raw, washed and/or peeled). The most representative cooking method of boiling was employed. After cooking, the foods were allowed to cool, homogenized, aliquoted in 100 g amounts and stored frozen at -20°C in nitric acid washed glass bottles until chemical analysis.
Mercury Analysis
Total mercury analysis was done at the chemical laboratory of Southern and Eastern Africa Mineral Centre (SEAMIC) in Dar es Salaam -Tanzania. Homogenized samples of (1 -2 g ww) were digested to a transparent solution with 15 ml of the mixture HNO 3 :H 2 SO 4 (1:2) under reflux. The resultant solutions were then diluted to 20 ml with deionised water and the total Hg concentrations were measured by atomic absorption spectrophotometer cold vapour generation technique (ICP Ultima 2, Horiba Jobin Yvon, France). Acid washed glassware, analytical grade reagents and deionised water were used in the tissue analysis. In order to check for the purity of the chemicals used, one chemical blank was run every 10 samples. There was no evidence of contamination in these blanks. Analytical quality control was ensured through the analysis of certified reference material DORM-2 (Dogfish muscle) from the National Research Counsel Canada (4.64 ± 0.26 g g -1 certified level of mercury) and analysis of mercury standards. All data were computed on a g g -1 wet weight basis.
Estimation of Dietary Exposure to Mercury
Dietary exposure to mercury from an individual food category was determined by multiplying the concentration of mercury in the food by its intake. Dietary exposures from individual food categories were expressed on a body weight basis by dividing the total dietary exposure by the average body weight (55 kg) of the population [9] , which in this study was established from the average weight of 60% of our study population (125).
Samples below the Level of Detection (LOD) (0.02 g/g) were assigned half value of LOD (0.01 g/g) [10] . Table 2 shows the list of food types, their respective quantity consumed (g/day) and mean Hg content. A total of 37 food items were mentioned during the food survey. Rice, maize, tuber crops and fish were found to be the principal food categories in the study area. It is observed that water constitute the largely consumed food component (885 g/day) followed by maize (270 g/day) and tilapia (260 g/day). To this community it is important to note that among fish types, tilapia and sardines (176 g/day) are the major daily meal components than Nile perches (65 g/day) which have been greatly explored by other studies in relation to mercury contamination in the area. Apart from the quantitative assessment of the consumed food, analytical results provides that water (the most consumed food component) is one of those constituting the minimum mercury concentration (<0.02 gHg /g, below detection level). This trend was also observed with sardines but not with tilapia which ranked fourth in abundance providing 0.123 g-Hg/g. It is observed that the Nile perches levels (0.37 g/g) and catfish levels (0.335 g/g) had the highest mercury concentration of all the consumed food stuff in the village.
RESULTS AND DISCUSSION
The daily mercury intake from each food category listed in Table 3 indicate that highest mercury intake was from fish (15.6 g/day) followed by water (8.85 g/day) tuber crops (4.35 g/day) and rice (4.0 g/day). This is similarly reflected by the concentration of mercury in the food categories where the highest mercury concentrations were found in fish (0.16 g g -1 ). Mercury concentration in fish is therefore three times and four times higher than that in vegetables and tuber crops, respectively. In the fish category, as displayed in Table 2 , Nile perches contributed the highest Hg concentration (0.37 g g -1 ). On average it was estimated that Hg intake per person was 41.05 g/day. Daily intake of Hg (μg/kg bwt/day) = (mean conc. of Hg in each food category (μg/g) x mean food intake( g/person/day)) Average body weight (55 kg) The number of food stuffs mentioned in this study is smaller than that reported in similar studies conducted in Chile (300; [11] ) and Japan (116; [12] ). This difference can be explained by the poor access to diverse food stuffs in subSaharan Africa. Populations in rural sub Saharan Africa mainly depend on maize, rice and tuber crops [13] as their major sources of carbohydrate. Based on that, this study considered rice, maize, tuber crops and fish as principal food categories for investigation. It is noted that the consumption of fish reported in this study (97 g/day) is higher than one reported in the United Kingdom (21 g/day), Spain (75 g/day), Norway (53 to 80 g/day), Greece (38 g/day) [14] , Canada (22 to 50 g/day) [15] and Chile (33 g/day) [11] whereas the consumption of meat (24 g/day) is very low in this study compared to values reported in Chile (178 g/day) [11] . These differences in daily consumption of each of the food items should be taken into account when establishing the maximum mercury content in food, as standards used in developed countries may not be suitable for implementation in sub Saharan African countries and especially this region where fish eating is a custom almost discouraging other food stuffs.
The high levels of mercury in Nile perch reflect higher trophic level of this species in Lake Victoria and its carnivorous feeding behaviour [16] . The presence of relatively high Hg concentrations in cassava (0.036 g g -1 ), sweet potatoes (0.023 g g -1 ), sugarcanes (0.068 g g -1 ), yams (0.054 g g -1 ), rice (0.026 g g -1 ) and cabbages (0.123 g g -1 ) is probably due to the cultivation of these crops on Hg contaminated soils. Evidence for this was obtained during the field survey, where yams, cabbage, sugarcane and rice were found growing in swampy areas which are within the drainage areas for the Mugusu mine through Mabubi river. In general food stuff of aquatic origin or those originating close to the lake had higher mercury concentration compared to those less influenced by aquatic environment. It is also indicated that up to 2.3 g Hg g -1 dw concentration were measured in sediment collected from the Mabubi river [17] which supports mercury contamination of the area and consequently the biological life. Apart from this trend, it is worth noted that Hg concentration in fish and other food categories do not exceed the maximum limit of 0.5 g g -1 provided by WHO [5] . More has been provided especially in relation to the ability of tuber crops to concentrate (bioconcentration) metals [18] but of course this is enhanced by the presence of specific metal in the environment under consideration.
The estimated average mercury intake per person in this area is 41.05 g/day, which is much higher than intakes previously reported using similar approaches in Korea (1.16 g/day) [9] ), the UK (4 g/day) [19] ), Chile (5 g/day) [11] , Japan (9 g/day) [12] , China (10.3 g/day) [20] , USA (1.25 g/day) [21] and Lebanon (3.0 g/day) [22] . This difference is understandably explained by the difference in diet intake among different countries and communities, which is an important factor in determining the mercury intake. This study is a typical example of this difference where it was observed that fish diet contributed most to the mercury intake (38%) and the calculated mercury intake from fish is 16 g/day far higher than that reported in Spain (13.2 g/day), a country which is considered to have a high fish consumption among the developed countries [23] . Although mercury concentration in maize (0.022 g.g -1 ww) was low, it contributed 14 % to the total mercury intake because it is the major staple food in the studied community. Other food categories which are consumed in large quantities and contributed significantly to the total mercury intake are rice and tuber crops (cassava, sweet potatoes and yams). Again this highlights that eating behaviour is an important factor in the determination of mercury intake and possible consequences to human. Therefore Levels of contaminants in the environment should always be supported by other observations in order to suffice the interpretation of pollutant effects to human.
The maximum daily mercury intake recommended by WHO/FAO for the protection of general public is 49 g/day for an adult of 68 kg [8] , this value is higher than the estimated mercury intake of residents living in the Mugusu mining village. Based on the findings that prenatal exposure to MeHg leads to significant effects during infant development, the World Health Organization (WHO) reduced the mercury daily intake safe limit by half, setting it at 15.5 g/day for the protection of developing foetus [8] . This value is already equivalent to the Hg intake from the fish category observed in this study, assuming that all Hg quantity in fish is found as methyl-mercury [24] , when all food categories included in this study are consumed the WHO limit is exceeded by a factor of 2.6. These results indicate that there is no health risk for adult consumers although children may be at risk.
The presence of elevated mercury levels in tuber crops that are grown around swampy areas near Mugusu mine does, however, indicate that a significant contribution of gold mining activities can be expected. Like many exposure assessment conducted around the world, this study was limited to the adult fraction of the population [5, 19, 21] . Also the daily intakes calculated in the current study may not fully be the representative of the entire community, therefore, the results from this study do provide a first estimate of the Hg dietary exposure of people residing in artisanal gold mining areas in Tanzania. This study provides an insight of the possible healthy challenges which can be caused by environmental pollution. For communities like Mugusu special protection measures are needed so as to minimize their exposure to mercury contamination. Although these mercury levels are associated to food intake habit, it is important to note that improper mercury handling has aggravated the wide spread of mercury in the environment. The major and viable protection measure over this problem can be suggested to be on the long-term educational programme and controlled use and disposal of mercury.
CONCLUSIONS
This is the first study to undertake a total diet approach in estimating mercury intake by people living in artisanal gold mining areas in Tanzania. The estimated Hg intake of 41.05 g/day is more than two times higher than the safe limit for the protection of the developing foetus and young children (15.5 g/day) and is above the reported Hg intakes in Korea, the UK, Chile, Japan, China, the USA and Lebanon. It is concluded that health risks exist for people residing in Mugusu gold mining village and probably other artisanal mining settlements in the world. Therefore, mercury intake in artisanal gold mining settlements should be regularly monitored since changes of income and variation of community composition can lead to changes of eating behaviour and thus total diet mercury intake. The Total diet approach highlighted here is therefore an important contribution to explain the health risks to various communities under similar contaminants.
